1. The production rate of propionate in the rumen and the entry rate of glucose into the body pool of glucose in sheep were measured by isotope-dilution methods. Propionate production rates were measured by using a continuous infusion of specifically labelled [14C]propionate. Glucose entry rates were estimated by using either a primed infusion or a continuous infusion of [U-14C] conversion into glucose. The incorporation of C-2 and C-3 of propionate into glucose and lactate indicated that 54% of both the glucose and lactate synthesized arose from propionate carbon. 5. No differences were found for glucose entry rates measured either by a primed infusion or by a continuous infusion. The mean entry rate (± s.E.M.) of glucose estimated by using a continuous infusion into sheep was 0 33 + 0 03 (4) m-mole/min. and by using a primed infusion was 0-32 + 0-01 (4) m-mole/min. The mean propionate production rate was 1-24 + 003 (8) m-moles/min. The conversion of propionate into glucose was 0-36 m-mole/min., indicating that 32% of the propionate produced in the rumen is used for glucose synthesis. 6. It was indicated that a considerable amount of the propionate converted into glucose was first converted into lactate.
1. The production rate of propionate in the rumen and the entry rate of glucose into the body pool of glucose in sheep were measured by isotope-dilution methods. Propionate production rates were measured by using a continuous infusion of specifically labelled [14C] propionate. Glucose entry rates were estimated by using either a primed infusion or a continuous infusion of [U-14C] glucose. 2. The specific radioactivity of plasma glucose was constant between 4 and 9hr. after the commencement of intravenous infusion of [U-14C] glucose and between 1 and 3 hr. when a primed infusion was used. 3. Infusion of [14C] propionate intraruminally resulted in a fairly constant specific radioactivity of rumen propionate between about 4 and 9hr. and of plasma glucose between 6 and 9hr. after the commencement of the infusion. Comparison of the mean specific radioactivities of glucose and propionate during these periods allowed estimates to be made of the contribution of propionate to glucose synthesis. 4. Comparisons of the specific radioactivities of plasma glucose and rumen propionate during intraruminal infusions of one of 
-, [2-14C]-, [3-140]-and [U-14C
]-propionate indicated considerable exchange of C-1 of propionate on conversion into glucose. The incorporation of C-2 and C-3 of propionate into glucose and lactate indicated that 54% of both the glucose and lactate synthesized arose from propionate carbon. 5. No differences were found for glucose entry rates measured either by a primed infusion or by a continuous infusion. The mean entry rate (± s.E.M.) of glucose estimated by using a continuous infusion into sheep was 0 33 + 0 03 (4) m-mole/min. and by using a primed infusion was 0-32 + 0-01 (4) m-mole/min. The mean propionate production rate was 1-24 + 003 (8) m-moles/min. The conversion of propionate into glucose was 0-36 m-mole/min., indicating that 32% of the propionate produced in the rumen is used for glucose synthesis. 6. It was indicated that a considerable amount of the propionate converted into glucose was first converted into lactate.
Glucose entry rates in sheep are only slightly less than in non-ruminant animals in the post-absorptive state when compared on a body-weight basis (Annison & White, 1961; Kronfeld & Simesen, 1961; Bergman, 1963; Ford, 1963 (Schambye, 1951; Annison, Hill & Lewis, 1957) . However, it is probable that the glucose entry rate and quantity of glucose absorbed from the alimentary tract of sheep is dependent to a large extent on the ration. Considerable quantities of glucose may be absorbed from the gastro-intestinal tract in sheep given rations high in concentrates, since MacRae & Armstrong (1966) Although the quantity of glucose absorbed from the alimentary tract of sheep given rations containing a high proportion of grain is not known, on roughage diets most ofthe glucose entering the body pool in sheep is probably synthesized in 8itu. Gluconeogenesis in sheep is of considerable interest since, of the major volatile fatty acids absorbed from the rumen, only propionate could contribute significantly to the synthesis of glucose Black, Kleiber & Brown, 1961; Annison, Leng, Lindsay & White, 1963) . Recent measurements of production rates of volatile fatty acids in sheep fed at frequent intervals indicated that propionate production rates are probably higher than previously estimated (Leng & Leonard, 1965; Bergman, Reid, Murray, Brockway & Whitelaw, 1965) , and, if all the propionate produced in the rumen was converted into glucose, it could account for 100% of the glucose synthesized in fed animals (Annison & White, 1961) . Bergman, Roe & Kon (1966) , by using an infusion of [2-14C] propionate into a ruminal vein, with isolation of propionate and glucose from the portal vein, have demonstrated that only 27% of the glucose entry rate originated from propionate absorbed into the portal blood. However, probable conversion of propionate into lactate (Pennington & Sutherland, 1956) Leng & Leonard, 1965) . The animals were trained to consume their ration during the infusion periods.
Measurement of glucose entry rates. Catheters were inserted into both jugular veins of the sheep on the evening before an experiment. [U-14C]Glucose was infused at a rate of approx. 0*15,uc (1,umole)/min. for 9hr. into one jugular vein and blood samples were taken from the other at regular intervals. In some experiments samples of rumen fluid were taken at the end of the infusion period for estimation of the specific radioactivity of propionate.
Mea8urement of propionate production rate8 in the rumen.
Propionate labelled with 14C was infused intraruminally at a rate of between 0-06 and 0-20,c/min. by using the methods described by Leng & Leonard (1965) . Samples of ruminal fluid were taken at regular intervals over the 9 hr. infusion and the propionate was isolated and assayed for radioactivity. At the same time blood samples were taken for measurements of the concentrations and specific radioactivities ofplasma glucose and blood lactate.
Chemical methods. Plasma glucose was estimated by the method ofHuggett & Nixon (1957) . Radioactivitymeasurements were made with a Nuclear-Chicago Scintillation System 725 (Nuclear-Chicago Corp., Des Plaines, Ill., U.S.A.) after isolation of plasma glucose as the pentaacetate derivative (Jones, 1965) .
Lactate was estimated in blood by the lactate-dehydrogenase method (Barker & Britton, 1957) and isolated from blood by using silicic acid column chromatography with CHCIs-2-methylbutan-2-ol as eluting solvents . Blood (10ml.) plus 8mg. of zinc lactate was deproteinized by successive additions of 20ml. of water, 10ml. of 20% (w/v) NaWO4 and 10ml. of 0-6N-H2SO4. The solution was filtered and the protein-free filtrate was neutralized (pH7), concentrated under reduced pressure on a rotary evaporator and finally dried in a beaker in vacuo over conc. H2SO4. The lactic acid was isolated by column chromatography and counted by liquid-scintillation techniques, as described for bloodf-hydroxybutyrate (Leng, 1965) . The channels-ratio method was used to correct for quenching (Hendler, 1964) .
Propionate was isolated from rumen fluid as described by Leng & Leonard (1965) . Total volatile fatty acid concentrations in ruminal fluid were estimated by titration after steam-distillation in a Markham still and the percentages of individual acids were determined by gas-liquid chromatography (Erwin, Marco & Emery, 1961; Leng & Leonard, 1965 was prepared by mixing the three specifically labelled compounds. Infusion solutions containing propionate were assayed for radioactivity as described by Leng & Leonard (1965) . Infusates containing [U-14C]glucose were assayed by counting 0-5ml. of the solution in 10ml. of a scintillation solution described by Bray (1960) . In two experiments, samples of ruminal fluid were taken at the end of the infusion and the specific radioactivity of propionate was determined. The radioactivity in propionate in comparison with that in circulating glucose was negligible.
RESULTS

Mea&urements
Measurement of propionate production rates in the rumen and the contribution of propionate carbon to both lactate and glucose synthesis. Fig. 2 shows the results of an infusion of [2-14C] propionate into the rumen of a sheep. The specific radioactivity in ruxninal-fluid propionate was fairly constant between approx. 4 and 9hr. of the infusion and the specific-radioactivity-time curves were similar in all experiments and differed only in magnitude. The mean production rate of propionate in eight experiments was 1'24 + 0.03m-moles/min. (Table 1) . Comparison of the specific radioactivities of both glucose and lactate with propionate over the plateau periods allowed estimates to be made of the proportion of the glucose and lactate synthesized that was arising from propionate carbon (Fig. 2) . Table  1 (Kronfeld & Simesen, 1961; White, 1961) , or by using a primed infusion of [14C]glucose (Annison &T White, 1961; Bergman, 1963; Ford, 1963; Kronfeld & Simesen, 1961) . The present investigations appear to be the first studies on glucose metabolism in sheep in which it has been found possible to use a continuous infusion of [U-14C] glucose without a priming dose for these measurements. The plasma glucose specific radioactivity became virtually constant between 4 and 9hr. ofthe infusion and the variation about the plateau specific radioactivity was small (see Fig. 1, which is a typical result) . The plateau specific radioactivity of plasma glucose between 4 and 9hr. after the beginning of the experiment with no indication of a positive or negative slope suggests the absence of either a slowly mixing pool of glucose or extensive recycling. In these studies a primed infusion of glucose, as used by Annison & White (1961) Reaction (1) occurs in the rumen epithelium (Pennington & Sutherland, 1956 ) and reactions (1), (2) and (3) occur in sheep liver . In reactions (1) (Pennington & Sutherland, 1956 (1), (2) and (3) to glucose synthesis from propionate. If propionate carbon is converted into glucose only via these reactions then the extent of conversion of propionate through lactate into glucose can be estimated from the ratio ofincorporation of C-1 to that of C-2 or C-3 of propionate into glucose. That is, if only pathway (3) is operative then 50% as much C-1 as C-2 or C-3 of propionate would appear in glucose. If glucose is synthesized from propionate via reactions (1) and (2) then the incorporation of C-1 of propionate into glucose would be 25% of that incorporated from C-2 or C-3. The incorporation of C-1 relative to that of C-2 and C-3 in relation to the operation of the direct or indirect pathways can be illustrated graphically (Fig. 3) . In the present studies the incorporation of C-i was 0-33 of that of C-2 and C-3, indicating that approx. 70% of the propionate converted into glucose was first converted into lactate. This percentage is a maximum since metabolism by other pathways before conversion of propionate carbon into glucose would tend to exchange the C-1 of propionate. For tion of 14C into C-3 and C-4 of glucose relative to C-1, C-2, C-5 and C-6 . Although between 45 and 62% of the glucose carbon arose from propionate carbon only 32% of the propionate produced in the rumen was actually converted into glucose. In the past it has been held that insufficient propionate was produced in the runen to meet the demands for gluconeogenesis (see review by Lindsay, 1959) . This now appears to be untrue, at least in sheep given rations of 800g. of lucerne/day. On the contrary, there appears to be considerably more propionate produced in the rumen than would be required to synthesize all the glucose entering the body pool.
